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Background: A modified Damus-Kaye-Stansel procedure is one of several 
options for palliation of single ventricle with subaortic obstruction, but 
results in neonates have been disappointing. In the presence of arch 
obstruction, this procedure is typically performed with circulatory arrest, 
which may contribute to neurologic insult. Methods: Since 1990, a modified 
Damus-Kaye-Stansel procedure has been performed in 14 neonates and 
seven infants with single ventricle and subaortic stenosis, including 15 with 
arch obstruction. Diagnoses were double-inlet left ventricle (n = 12), 
tricuspid atresia (n = 2), and other forms of hypoplastic ventricle with 
subaortic obstruction (n = 7). Three patients underwent concurrent 
bidirectional Glenn shunt. In the most recent seven patients with arch 
obstruction, arch repair was achieved with an end-to-side anastomosis of 
the descending aorta to the ascending aorta with continuous upper body 
perfusion. Results: One early death occurred among the 14 neonates (7%) 
and three among the infants, for an early mortality of 19%. At a median 
follow-up of 33 months, there were no late deaths or neurologic omplica- 
tions. Nine patients underwent subsequent bidirectional Glenn anastomo- 
sis, including three who had Fontan completion and one who later 
underwent conversion to a partial biventricular repair. One patient re- 
quired a transplant for cardiomyopathy of unknown etiology. The remain- 
ing 12 patients are considered good candidates for Fontan completion. No 
patient has recurrent arch obstruction. Four patients have mild (n = 1) or 
trivial (n = 3) semilunar valvular egurgitation. Conclusion: The modified 
Damus-Kaye-Stansei procedure is an effective primary palliation for single 
ventricle and subaortic stenosis, with or without arch obstruction. Results 
are especially encouraging in neonates. Arch repair can be achieved without 
circulatory arrest o the brain. (J Thorac Cardiovasc Surg 1997;114:718-26) 
A nastomosis of the proximal end of the transected main pulmonary artery to the ascending aorta, 
described independently by Damus, 1 Kaye, 2 and 
Stansel, 3 may be used in the palliation or repair of a 
variety of lesions. Norwood's operation for stage I
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palliation of hypoplastic left heart syndrome 4 is 
the most powerful example of how this concept 
has affected the management of complex congen- 
ital heart disease. In addition, modifications of the 
Damus-Kaye-Stansel (DKS) procedure are also 
useful in univentricular transposition complexes 
such as {S,L,L} double-inlet left ventricle and 
{SID,D} tricuspid atresia, in which the aorta 
arises from a rudimentary outflow chamber via a 
bulboventricular foramen (or ventricular septal 
defect) that is frequently restrictive. 5-11 In such 
lesions, unlike with hypoplastic left heart syn- 
drome, neonatal palliation by main pulmonary 
artery-ascending aorta anastomosis i not always 
necessary, because critical subaortic stenosis is 
not always present during the first few months of 
life and other methods of primary palliation are 
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Table I. Patients with {S,L,L } double-inlet left ventricle undergoing the modified DKS procedure in infancy 
Follow-up 
Patient Age BVF index BVF/AV Subsequent procedures duration 
No. (days) Aortic arch (cme/m 2) ratio (too after DKS) Outcome (too) 
1 6 Type B interruption 0.9 0.82 BGS (7), ECF (28) Alive 82 
2 147 Normal 2.5 0.90 ECF (20) Alive 62 
3 6 Hypoplastic 1.3 1.00 BGS (5) Alive 55 
4 23 Hypoplastic, coarctation 3.0 0.82 None Dead n.a. 
5 5 Normal 2.0 0.67 BGS (6) Alive 44 
6 8 Type B interruption 0.5 0.75 BGS (9) Alive 33 
7 7 Hypoplastic, coarctation 0.4 0.50 BGS (4) Alive 29 
8 9 Hypoplastic, coarctation 1.0 0.83 None Alive 11 
9 31 Hypoptastic, oarctation 0.9 0.80 BGS (7) Alive 11 
10 14 Hypoplastic, coarctation 0.5 0.70 BGS (7) Alive 10 
i1 5 Type B interruption 1.0 0.63 BGS (5) Alive 8 
12 10 Type B interruption 0.9 0.63 BGS (6) Alive 8 
AV, Aortic valve; BGS, bidirectional Glenn shunt; BVF, hulboventricular fo amen; ECF, extracardiac conduit Fontan. 
available. 12-1s Because early outcomes of the DKS 
procedure in neonates and infants have generally 
been poor, s' 6, 11 options such as pulmonary artery 
banding with or without arch repair are often used 
for first-stage palliation. 12'15-18 Evidence exists 
that pulmonary artery banding can precipitate 
earlier development of significant subaortic ob- 
struction caused by both muscular hypertrophy 15
and volume unloading 19 and that patients with 
arch obstruction are at particular isk. 16' 20 Subse- 
quent palliation may be compromised by the 
banding procedure when subaortic obstruction 
develops, making enlargement of the bulboven- 
tricular foramen the only option to relieve the 
systemic outflow obstruction. Bulboventricular fo- 
ramen enlargement may have a negative impact 
on rhythm and ventricular function. Such devel- 
opments may ultimately render the patients sub- 
optimal candidates for the Fontan operation. 2°-23 
Thus main pulmonary artery-ascending aorta 
anastomosis in the neonatal period may be the 
most beneficial primary palliation in many neo- 
nates with forms of functional single ventricle and 
actual or potential systemic outflow obstruction 
other than hypoplastic left heart syndrome, so 
long as early mortality can be reduced and signif- 
icant morbidity, especially neurologic insult and 
semilunar valvular dysfunction, can be avoided. In 
this report, we describe our experience with mod- 
ifications of the DKS procedure, with an emphasis 
on techniques that avoid great vessel distortion 
and subsequent semilunar valve dysfunction and 
that also avoid deep hypothermic irculatory ar- 
rest and the associated neurologic insult. 
Patients and methods 
Patients. Between May 1990 and April 1997, anasto- 
mosis of the main pulmonary artery to the proximal 
ascending aorta was performed in 21 neonates and infants 
with forms of functional single ventricle other than hypo- 
plastic left heart syndrome. Patients undergoing this pro- 
cedure beyond 1 year of age were not included in this 
study, nor were patients in whom the DKS operation was 
performed for biventricular repair, as in Taussig-Bing 
double-outlet right ventricle. Fourteen of the 21 patients 
were 1 month of age or younger, 15 had significant arch 
obstruction, and 17 had undergone no previous palliative 
procedures. Patients fit into three diagnostic ategories: 
{S,L,L} double-inlet left ventricle (n = 12; Table I), 
{S,D,D} tricuspid atresia (n = 2; Table II), and other 
forms of functional single ventricle (n = 7; Table II). All 
patients had actual or potential subaortic obstruction 
according to either a bulboventricular foramen index of 
2.0 cm2/m 2 or less, as proposed by Matitiau and associ- 
ates, 2° a bulboventricular foramen/aortic valve diameter 
ratio of 1 or less, or a systemic outflow gradient at the 
subvalvular level. Among the 12 patients with double-inlet 
left ventricle were l l  neonates, and no patient had 
undergone a prior palliative operation. Arch obstruction 
was present in 10 of these patients. The two patients with 
tricuspid atresia (3 and 7 months of age) were without 
arch obstruction, and one had undergone prior pulmonary 
artery banding and atrial septectomy. Only three of the 
seven patients with other forms of single ventricle were 
neonates, and three had undergone prior operations. 
Techniques of repair 
Modified DKS anastomosis and arch repair. To mini- 
mize distortion of the semilunar valves, we performed the 
proximal ascending aorta-main pulmonary artery anasto- 
mosis in a side-to-side fashion in all patients, using either 
of two basic techniques. In 12 patients, a V- or L-shaped 
aortotomy was performed with one leg parallel to the 
sinotubular junction (transverse) and the other leg angled 
posterosuperiorly between 60 and 90 degrees relative to 
the first (Fig. 1), as initially described by Laks and 
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Table II. Patient with other forms of functional single ventricle undergoing modified DKS procedure in infancy 
Patient Age 
No. (days) Morphology Aortic arch Prior procedures Subaortic obstruction Outcome 
13 199 {S,D,D} Tricuspid atresia Normal 1. PAB, atrial BVF/AV ratio = 0.73, 55 mm Hg Alive 
septectomy gradient after PAB removal 
14 94 Normal None BVF index = 1.8, BVF/AV ratio = Dead 
0.88 
15 6 Hypoplastic, None Retrograde flow in arch Alive 
COA 
16 247 Type B IAA 1. IAA repair, Alive 
PAB 
17 6 Normal None Alive 
{S,D,D} Tricuspid atresia 
Hypoplastic LV, DORV 
Hypoplastic LV, VSD, tri- 
cuspid regurgitation 
{S,D,D} Simple transposi- 
tion, swiss-cheese VSDs 
18 206 {A,L,L} Unbalanced Normal 
AVSD, hypoplastic LV, 
pulmonary vein obstruc- 
tion 
19 97 {S,D,S} Unbalanced AVSD, Hypoplastic, 
LV failure COA 
20 191 Hypoplastic LV, left AVV 
atresia, VSD 
21 4 Mesocardia, right AVV 
atresia, hypoplastic RV, 
VSD, right arch, left-sided 
descending aorta 
Hypoplastic 
Hypoplastic, 
COA 
20 mm Hg gradient 
20 mm Hg gradient, dynamic and 
restrictive LVOT infundibular 
obstruction 
None 36 mm Hg gradient subAS, 50 mm Dead 
Hg gradient sub PS (both due to 
obstruction by AVV apparatus) 
1. AVSD re- Dynamic 45 mm Hg gradient Dead 
pair, COA 
repair 
1. PAB, atrial 90 mm Hg gradient, subaortic mus- Alive 
septectomy cle 
None Muscular subAS Alive 
AS, Aortic stenosis; A V, aortic valve; AVSD, atrioventricular septal defect; A VV, atrioventricular v lve; BVF, bulboventricular foramen; COA, coarctation f 
the aorta; DORV, double-outlet right ventricle;/AA, interrupted aortic arch; LV, left ventricle; LVOT, left ventricular outflow tract; PAB, pulmonary artery 
band; PS, pulmonary stenosis; RV,, right ventricle; VSD, ventricular septal defect. 
associates, a4In patients with a markedly hypoplastic as- 
cending aorta, the transverse leg of the incision was 
typically very short. The main pulmonary artery was 
transected above the sinotubular junction, and the portion 
of the proximal stump abutting the ascending aorta was 
anastomosed to the transverse component of the aortic 
incision. The flap of aortic tissue subtended by the aorto- 
tomy was retracted posteriorly, and the pulmonary artery- 
aorta anastomosis was continued with the lower edge of 
the aortic flap sewn to the adjacent edge of the pulmonary 
artery stump. A patch of either allograft or pericardium 
was incorporated as an anterior hood to complete the 
anastomosis (Fig. 1). 
In the other nine patients, both the ascending aorta and 
main pulmonary artery were transected above the sinotu- 
bular junction, and the proximal stumps were anasto- 
mosed side to side, incorporating approximately 30% to 
35% of the circumference. The distal portion of the 
ascending aorta was opened longitudinally and anasto- 
mosed end to end to the proximal great vessel confluence, 
with augmentation of the anastomosis and ascending 
aorta by means of a patch of allograft issue. Five of the 
patients who underwent his procedure did not require 
arch repair, and the allograft patch was used only to 
augment he ascending aorta. The other four were pa- 
tients with arch obstruction (including two neonates with 
interrupted arch) in whom the longitudinal incision in the 
ascending aorta was extended across the arch and isthmus 
and augmented with a patch of allograft issue as in the 
stage I Norwood procedure. In patients with L-transposed 
great arteries who underwent his procedure, the aug- 
mented ascending aorta was transposed rightward and 
sewn end to end to the previously anastomosed proximal 
main pulmonary artery and proximal ascending aorta. 
In the most recent seven patients with arch obstruction, 
arch repair was achieved by performing an end-to-side 
anastomosis of the descending aorta (distal to the ductus) 
to the ascending aorta, after resection of all ductal tissue 
(Fig. 1). This technique was similar to that which we use 
for standard repair of interrupted arch from a midline 
approach. A crossclamp was placed immediately proximal 
to the aortic inflow cannula, at the base of the innominate 
artery. A longitudinal incision was made along the lateral 
aspect of the ascending aorta just proximal to the clamp, 
and the descending aorta was anastomosed nd to side to 
the ascending aortotomy opposite the DKS anastomosis. 
The levels of the DKS anastomosis and the descending 
aorta-ascending aorta anastomoses were overlapping, 
creating an almost direct path from the pulmonary trunk 
into the descending aorta. Upper body perfusion was 
maintained by cannulating at the base of the innominate 
artery, distal to the clamp (Fig. 1), snaring the proximal 
left common carotid and subclavian arteries. Perfusion 
was maintained at a rate of 30 ml/kg per minute with an 
alpha-stat approach and no change in the priming solu- 
tion. In one of these patients (patient 21) with a very 
unusual anatomy, including mesocardia, muscular subaor- 
tic obstruction, coarctation of a right-sided arch along 
with a left-sided escending aorta, and a dominant coro- 
nary artery arising significantly above the sinuses of Val- 
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Fig. 1. Modified technique for performing the DKS procedure in a patient with coarctation of the aorta. 
The aortic inflow cannula is inserted at the base of the innominate artery, immediately distal to the aortic 
crossclamp. After institution of bypass, the patent ductus arteriosus is doubly ligated and divided. The 
pulmonary artery is transected above the sinotubular junction (dashed lines in the left frame indicate 
incisions) and at the origin of the ductus. Both defects in the central pulmonary artery are patched with 
either allograft or pericardium. The ascending aortotomy is performed with an L-shaped incision, and the 
flap of aortic tissue is retracted posteriorly as a flap for reconstruction of the posterior wall of the main 
pulmonary artery-ascending aorta anastomosis. The DKS anastomosis is completed anteriorly with a hood 
of allograft issue. A longitudinal aortotomy is then made in the opposite side of the ascending aorta (left 
side in this example), all ductal tissue is resected, and arch repair is performed by advancing the descending 
aorta to the ascending aorta and performing an end-to-side anastomosis. In this manner, circulatory arrest 
to the brain is avoided. A modified Blalock-Taussig shunt is then placed. 
salva, it was necessary to perform the DKS anastomosis 
more distally than usual to avoid the anomalous coronary 
artery. The descending aorta was anastomosed end-to- 
side to the superior aspect of the flap of autologous aorta 
used for the DKS anastomosis, and the three-way anasto- 
mosis was completed with a hood of allograft issue. 
Additionalprocedures. All 17 patients in whom the DKS 
procedure was performed as a primary palliation had a 3 
or 3.5 mm shunt placed from the innominate artery to the 
branch pulmonary artery to supply the pulmonary circu- 
lation. In three patients in whom a DKS procedure was 
performed beyond the neonatal period (patients 2, 15, and 
19), a bidirectional Glenn anastomosis was placed during 
the same operation. In one neonate with double-inlet left 
ventricle (patient 9), a severely regurgitant left atrioven- 
tricular valve was oversewn. In all three patients with 
previously placed pulmonary artery bands and the one 
patient who had initially undergone biventricular repair of 
an unbalanced atrioventricular septal defect. The bands 
were taken down and the atrioventricular septal defect 
repair reversed. 
Cardiopulmonary b pass and cardioplegic arrest were 
used in all patients, with a median perfusion time of 152 
minutes (range 86 to 200 minutes) and a median cross- 
clamp time of 47 minutes (range 30 to 98 minutes). Total 
circulatory arrest ranging from 45 to 60 minutes was used 
in the five patients who underwent a Norwood type of arch 
repair. In the seven patients who underwent arch repair 
with end-to-side anastomosis of the descending aorta to 
the ascending aorta, circulatory arrest o the brain was not 
used. Rather, the aorta was clamped just proximal to the 
innominate artery, allowing perfusion of the head vessels 
by inserting the inflow cannula at the base of the innom- 
inate artery, as described earlier. 
Data collection. Perioperative data were collected on 
retrospective review of patient records. Follow-up was 
conducted by direct contact with referring physicians 
and was current and complete in all patients. 
Results 
Early outcomes. Among the 14 neonates who had 
first-stage palliation with this procedure, there was 
one early death (7%). This was a patient with 
double-inlet left ventricle who underwent surgery 
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early in our experience, with the use of circulatory 
arrest. He had a cardiac arrest on the day of the 
operation, and autopsy showed evidence of acute 
myocardial infarction and neurologic damage, in- 
cluding recent and remote cerebral necrosis. Three 
additional deaths occurred in patients who under- 
went a modified DKS procedure beyond the neona- 
tal period for palliation of forms of univentricular 
heart other than {S,L,L} double-inlet left ventricle 
(Table II). One of these patients had previously 
undergone biventricular repair for unbalanced 
atrioventricular septal defect with subsequent take- 
down and a modified DKS procedure as a salvage 
procedure when it became evident that the left 
ventricle was not adequate. Another of these deaths 
occurred in a patient with asplenia syndrome and 
subvalvular obstruction of both outflow tracts who 
had an unexplained cardiopulmonary arrest 2 days 
after the operation and could not be resuscitated 
even with a ventricular assist device. The third death 
occurred in a patient who underwent primary palli- 
ation at 94 days of age for tricuspid atresia. This 
patient had a coagulopathic reaction and volatile 
cardiopulmonary status after the operation, which 
was consistent with a transfusion reaction. Cardiac 
arrest occurred the night after the operation, and 
she could not be resuscitated. There were no known 
neurologic events before hospital discharge. Elec- 
troencephalography was not performed, but there 
was no clinical evidence of seizure activity in any 
patient. 
Reoperation for bleeding on the day of the oper- 
ation was performed in one neonate. Otherwise, no 
patients required reoperation i the early postoper- 
ative period. Mechanical ventilatory support was 
continued for no longer than 7 days in any patient, 
and the median postoperative hospital stay was 17 
days (range 4 to 42 days). 
Follow-up. No late deaths occurred uring a fol- 
low-up period ranging from 1 month to 6.8 years 
(median 33 months). Nine patients underwent sec- 
ond-stage palliation with a bidirectional Glenn anas- 
tomosis between 4 and 11 months (median 5.9 
months) after construction of the modified DKS 
anastomosis. At this time, eight patients were with- 
out obstruction to systemic outflow at any level. One 
patient who had undergone a Norwood type of arch 
reconstruction had a mild gradient at the level of the 
distal arch, which was augmented with a patch of 
allograft tissue. None of these patients required 
additional operations between the modified DKS 
and bidirectional Glenn procedures. In all, three 
patients have had the Fontan circulation completed 
at 20, 28, and 46 months after the bidirectional 
Glenn anastomosis. Another patient (patient 16) 
underwent partial biventricular epair 33 months 
after modified DKS anastomosis and concurrent 
bidirectional Glenn anastomosis. The DKS anasto- 
mosis was taken down, the pulmonary outflow tract 
reconstructed, and complete intracardiac repair per- 
formed, with maintenance of the bidirectional 
Glenn shunt. Another patient (patient 17) required 
cardiac transplantation for progressive acquired car- 
diomyopathy of unknown origin 19 months after 
successful neonatal DKS palliation. All remaining 
patients (n = 12) are currently considered good 
candidates for the Fontan operation; three are 
awaiting intermediate palliation with a bidirectional 
Glenn anastomosis and the others are awaiting 
Fontan completion. 
Of the 32 semilunar valves among the 16 surviving 
patients (excluding the patient who received atrans- 
plant), follow-up echocardiography showed no re- 
gurgitation in 28 valves, trivial regurgitation i three 
(two aortic and one pulmonary), and mild regurgi- 
tation in one. One of the patients with trivial aortic 
regurgitation was a 4.8-month-old patient with a 90 
mm Hg subaortic gradient and trivial-mild aortic 
regurgitation before the operation. No valves have 
moderate or severe insufficiency. All patients have 
good ventricular function except for one, in whom 
mild-to-moderate v ntricular dysfunction had devel- 
oped before bidirectional Glenn shunting. This was 
improved after the bidirectional Glenn anastomosis, 
but mild depression remained at follow-up 2 months 
later. Three patients had mild insufficiency of the 
small right atrioventricular valve. None of the pa- 
tients who underwent arch reconstruction with de- 
scending aorta-ascending aorta anastomosis has 
evidence of obstruction to the aortic arch, left 
pulmonary artery, or tracheobronchial tree. 
Formal neurologic testing has not been per- 
formed, but no patient has been evaluated by a 
neurologist, reated for seizures or other neurologic 
abnormalities, or shown any evidence of neurologic 
impairment. 
Discussion 
In treating the neonate who has functional single 
ventricle, optimization of the physiology for an 
ultimate Fontan procedure should be of high prior- 
ity even in the earliest stages of management. Fac- 
tors that have been established as contributing to 
poor outcome after the Fontan operation include 
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ventricular hypertrophy or other ventricular dys- 
function, elevated pulmonary artery pressure and 
pulmonary vascular resistance, and significant valvu- 
lar dysfunction. 21-23 
In neonates who will require palliation of func- 
tional single ventricle, therapy should be designed to 
minimize the development of these processes. In 
patients with actual or potential obstruction to 
systemic outflow in conjunction with unrestricted 
pulmonary blood flow, a modified DKS procedure 
(with or without arch repair) is an attractive option 
for primary palliation, inasmuch as it provides relief 
at all levels of systemic obstruction along with a 
controlled source of pulmonary blood flow. 5' 16, 13 
Since this application of the ascending aorta-main 
pulmonary artery anastomosis was first reported by 
Yacoub and Radley-Smith, 25however, the primary 
drawback has been high early mortality. 5'6' 11 A 
secondary drawback has been the development of 
semilunar valvular dysfunction, v' 8, 26, 27 Another 
concern with the DKS procedure, especially in the 
presence of arch obstruction, is that it has generally 
been performed with deep hypothermic ircula- 
tory arrest, which is known to cause neurologic 
insult.2s, 29 
Another common approach to the single ventricle 
with subaortic obstruction is to band the pulmonary 
artery early in life along with arch repair if neces- 
sary. An attractive feature of this approach is that it 
avoids brain ischemia, cardiopulmonary b pass, and 
the associated morbidity. Although several recent 
studies have found early mortality to be low after 
pulmonary artery banding in neonates with this type 
of lesion, 17' is other series have reported outcomes 
that were not substantially different from those 
achieved with ascending aorta-main pulmonary ar- 
tery anastomosis. 14 Moreover, substantial evidence 
exists that obstruction to aortic outflow is likely to 
develop after pulmonary artery banding in this 
group of patients. Initially, it was proposed that 
progressive ventricular hypertrophy led to relative 
narrowing and consequent obstruction of the bul- 
boventricular foramen. 15'16 More recent studies 
have demonstrated that ventricular geometry is al- 
tered early after volume reduction surgery, includ- 
ing pulmonary artery banding, with a resulting in- 
crease in wall thickness and bulboventricular 
foramen narrowing. 19 In the setting of prolonged 
pulmonary artery banding in a single ventricle 
pumping systemi c and pulmonary output in parallel, 
both of these mechanisms are probably contributory 
when subaortic obstruction does develop. 
The risk of developing progressive subaortic ob- 
struction after primary pulmonary artery banding 
for {S,L,L} double,inlet !eft ventricle and {S,D,D} 
tricuspid atresia is not the only factor offsetting the 
generally low early mortality after this approach. 
Because outflow obstruction will inevitably develop 
in most patients, 15' 17 some method of relief (either 
a modified DKS procedure or bulboventricular fo- 
ramen enlargement) must be obtained either before 
second-stage palliation or simultaneous with bidi- 
rectional Glenn anastomosis or Fontan completion. 
In some centers' experience, this might necessitate 
an additional operation in infancy or early child- 
hood. When subaortic obstruction is addressed after 
the Fontan operation, mortality can be very high. 3° 
Even though the operative risk of a modified DKS 
procedure has been lower among older patients 
than among neonates and infants in previous eries, 
there is still a mortality of at least 10% in most 
reports.9, 10, 12 In addition, pulmonary artery band 
complications, uch as migration causing pulmonary 
artery or valve distortion, are not uncommon and 
may eliminate the DKS procedure as an option, thus 
leaving bulboventricular foramen enlargement as 
the only resort to relieve systemic outflow obstruc, 
tion. A number of objections to the use of bulboven- 
tricular foramen enlargement in these patients have 
been expressed. Removing significant amounts of 
ventricular muscle, when ventricular function is so 
central to long-term outcome, must be viewed as an 
inferior option, in our opinion. Furthermore, de- 
spite better understanding of the conduction tissue 
in these patients with complex anomalies, surgically 
induced complete atrioventricular block in associa- 
tion with enlargement of the bulboventricular fora- 
men remains a real possibility. It is our belief that 
staying out of the ventricle is almost always the best 
option in patients with single ventricle. 
In the present report our focus is on two groups of 
patients: (1) those with double-inlet ventricle and a 
high likelihood of subsequent subaortic obstruction 
and (2) another group of patients who were gener- 
ally beyond the neonatal period, had undergone 
prior palliation, and who often had unusual forms of 
complex single ventricle with subaortic stenosis al- 
ready present. In several series of patients undergo- 
ing either main pulmonary artery-ascending aorta 
anastomosis 6 or pulmonary artery banding 16 as first- 
stage palliation for univentricular transposition 
complexes, arch obstruction has been associated 
with poor early outcome. Patients with single ven, 
tricle and arch obstruction are also more likely to 
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have or develop subaortic obstruction. In our cohort 
of neonatal patients with double-inlet left ventricle. 
early and late outcomes have been excellent. There 
was one early death after a modified DKS proce- 
dure, but all other patients are alive and well, most 
having undergone second- or third-stage palliation. 
In the older group of patients in this study, results 
have been less encouraging. This group was ex- 
tremely heterogeneous in terms of morphologic 
characteristics, physiologic presentation, and clinical 
setting. The surgical options for these patients (Ta- 
ble II) were fewer, inasmuch as most had an actual 
subaortic gradient detected, had already undergone 
primary palliation, or had lesions that were not 
amenable to pulmonary artery banding. Thus this 
group of patients is not one in which palliation with 
another less extensive procedure would have re- 
duced mortality. Of the three infants in this group 
who died. one underwent a secondary DKS proce- 
dure as a salvage attempt after failure of biventricu- 
lar repair for unbalanced atrioventricular septal 
defect, another had asplenia syndrome with the very 
unusual finding of subaortic and subpulmonic ob- 
struction, and the third died after a transfusion 
reaction. 
Both modified DKS and pulmonary artery band- 
ing have clear indications for palliation of functional 
single ventricle hearts. Echocardiographic studies in 
patients with univentricular t ansposition complexes 
have identified several factors that may predict the 
development of subaortic obstruction. 2° However. 
even if such data are taken into account, there is a 
relatively large group of patients in whom the 
adequacy of the subaortic region for supporting 
unrestricted outflow to the systemic circulation is 
equivocal. The development of techniques as de- 
scribed in the present report, which avoid deep 
hypothermic irculatory arrest and can provide very 
low neonatal mortality and excellent long-term val- 
vular function, may shift the balance in favor of 
modified DKS in many of the unclear cases. On the 
basis of our experience, we believe that a DKS 
procedure should be used whenever the possibility 
of subaortic obstruction is present, unless significant 
semilunar valvular regurgitation is present. In pa- 
tients with arch obstruction and an ascending aorta 
smaller than about 4 mm in diameter, we would be 
more likely to repair the arch with circulatory arrest 
or a modified Norwood procedure than with the 
technique described in the present report. Pulmo- 
nary artery banding should be used only when there 
is no reasonable likelihood of bulboventricular fo- 
ramen obstruction, which we determine on the basis 
of a bulboventricular foramen area larger than the 
aortic valve area, a bulboventricular foramen index 
greater than 2 cm2/m 2, and no potential obstruction 
in the subaortic outlet chamber. Enlargement of the 
bulboventricular foramen should be avoided when- 
ever possible. 
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Discuss ion 
Dr. Thomas L. Spray (Philadelphia, Pa.). I congratulate 
the authors on an excellent series with superior esults in 
complex arch repairs in infancy. 
We and others have reported results with pulmonary 
banding and early takedown to a DKS and bidirectional 
Glenn or a hemi-Fontan procedure with results compara- 
ble with those presented in this series. However, in the 
neonate with significant subaortic obstruction associated 
with single ventricle, it seems appropriate to use arch 
reconstruction a d aortopulmonary shunting as the pri- 
mary operation to avoid the potential effects of pulmonary 
banding on ventricular hypertrophy and consequent pro- 
gression of subaortic obstruction. As experience with 
neonatal arch reconstruction associating the main pulmo- 
nary artery and ascending aorta has increased, primary 
operative intervention can now be undertaken with satis- 
factory results. The technical modifications of the aortic 
root reconstruction with a variation of the DKS operation, 
as described by these authors, is certainly one of many 
potential approaches. Others include a Norwood-type 
arch reconstruction r direct pulmonary artery-arch anas- 
tomosis, as has been advocated by Dr. Mee and Dr. 
Brawn. The spectrum of anatomy in these infants with 
functional single ventricle and subaortic stenosis with 
varying degrees of aortic arch obstruction would suggest 
that an individualized application of alternative tech- 
niques may be the most appropriate approach. 
The very low incidence of semilunar valve insufficiency 
in patients in this series would suggest hat neonatal 
intervention and reconstruction may be associated with 
less distortion of the pulmonary or aortic valves than 
might be seen from pulmonary banding and might per- 
haps optimize late results. 
In children with functional single ventricle and s~gnifi- 
cant subaortic stenosis associated with arch hypoplasia. 
obstruction, or interruption in the neonatal period, we 
have elected to use a Norwood-type reconstruction f the 
entire aortic arch, as was described for a small number of 
the patients in the authors' series. In the 2-year period of 
1995 and 1996. 26 consecutive patients underwent such 
reconstructions. In patients with transpositio n and tricus- 
pid atresia, division of the proximal aorta and pulmonary 
artery was performed with arch augmentation a d recon- 
struction proximally, as described by the authors. In 
situations in which arch interruption was present, ex- 
tensive mobilization of the arch vessels with extension 
of incisions into the origin of the carotid and subclavian 
vessels to create the widest possible aortic arch anasto- 
mosis was performed with associated homograft arch 
augmentation. This was often performed with division 
of the great vessels, as in those patients with transpo- 
sition. In infants in whom the proximal great vessels 
were suitably aligned, a Norwood-type direct augmen- 
tation of the arch with proximal anastomosis of the 
aorta to the pulmonary artery was performed. The 
overall mortality in this 26-patient group was 15% in 
the neonatal period. 
The technical modifications suggested by the authors of 
this study are intriguing. In patients with a very small 
ascending aorta, as in those with arch obstruction, we have 
found it technically difficult to create a DKS connection 
proximal to the takeoff of the innominate artery and avoid 
tenting of the distal anastomosis from the pulsatility of 
cardiac ejection, since the distance is often short between 
the ascending aorta and the takeoff of the innominate 
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vessel. The use of arch augmentation creates a widely 
unobstructed arch with less potential for distortion in our 
experience. The authors are to be commended for the 
excellent late results with their approach. In addition, we 
have been concerned about direct anastomosis of the 
descending aorta to the side of the ascending aorta 
proximal to the innominate artery, because even with 
extensive mobilization, compression of the left main-stem 
bronchus or left pulmonary artery could occur with impli- 
cations for respiratory complications or growth limitation 
of the left pulmonary artery. Have the authors noted any 
compromise of left pulmonary artery size by arch recon- 
struction in their patients who are awaiting the completion 
Fontan procedure? 
The use of continuous cardiopulmonary b pass through 
the base of the innominate artery certainly minimizes the 
need for circulatory arrest for arch reconstruction. Dr. 
Asou and associates fr0m Kyushu University in Japan 
have described similar selective cerebral perfusion strate- 
gies for arch reconstructions in neonates. They have 
described an intriguing use 0f the proximal anastomosis of
the aortopulmonary shunt created to the origin of the 
innominate artery for perfusion of the innominate vessel 
while arch reconstruction is being performed. Have the 
authors used this technique, which would seem to be 
technically advantageous and would avoid the problems of 
cannulating a very small innominate artery or ascending 
aorta? Potential narrowing of the vessel at decannulation 
could limit inflow into the aortopulmonary shunt with the 
authors' technique. 
Dr. Shunj Sano (Okayama, Japan). I agree with the 
practice of avoiding circulatory arrest o the brain, doing 
the whole operation with moderate hypothermia, without 
deep hypothermia. I use the isolated cerebral and/or 
myocardial perfusion technique to repair coaretations, 
arch interruptions, and also to perform the complex DKS 
operation. I have used this technique in 12 neonates and 
infants, putting the arterial cannula proximal to the in- 
nominate artery, with one death and no neurologic om- 
plications. I also use the same technique to do the 
Norwood procedure, putting the shunt to the innominate 
artery first and perfusing from the shunt. Brain perfusion 
is kept from the shunt during the whole procedure. 
Recently we have begun cooling the patients only to 25 ° 
to 28 ° C and performing the whole procedure. I believe 
this technique will have more benefit than using circula- 
tory arrest o the brain. 
I have one question. Can you cite any advantages of 
avoiding circulatory arrest o the brain in your institution 
or in your patients? 
Dr. McElhinney. Thank you for your comments, Drs. 
Spray and Sano. 
We are well aware of the tremendous contributions that 
have emerged from the Children's Hospital of Philadel- 
phia in the area of palliation of complex univentricular 
heart, both for hypoplastic left heart syndrome and for 
other forms of single ventricle. It is clear that your 
approach to the present group of patients, namely a 
Norwood-style arch reconstruction, has a number of ad- 
vantages. In addition to your outstanding results, I would 
like to acknowledge the University of Michigan experi- 
ence reported by Dr. Mosca at this year's Society of 
Thoracic Surgeon's meeting. Their results with a modified 
Norwood reconstruction i  neonates and infants with 
single ventricle and subaortic obstruction have been sim- 
ilarly excellent.* We have taken this approach in several 
patients, and our preference for the modified technique of 
arch reconstruction with DKS is based on the fact that we 
can avoid circulatory arrest and eliminate normative tissue 
in the arch repair. 
So far, Dr. Spray, we have not had any patients come 
back with left pulmonary artery or bronchial obstruction 
after a modified DKS procedure, although we recognize 
that this is a potential concern when mobilizing the 
descending aorta and anastomosing it proximally to the 
ascending aorta or the proximal arch. In addition to this 
modified DKS repair, we use end-to-side anastomosis of 
the descending aorta to the ascending aorta or proximal 
arch in all other cases of coarctation and most cases of 
interrupted arch. So far we have not observed vascular or 
airway obstruction as a result of the reconstructed arch in 
any of our patients, and we believe that extensive mobili- 
zation is absolutely essential. We have also not encoun- 
tered any cases of innominate artery or ascending aortic 
obstruction resulting either in cannulation or repair of the 
cannulation site. We use an 8F arterial cannula for these 
cases, and we would not attempt to cannulate an ascend- 
ing aorta smaller than 4 mm in diameter. 
In response to questions from both Dr. Spray and Dr. 
Sano, continuous perfusion through the proximally at- 
tached modified Blalock-Taussig shunt is a method with 
which we have no experience, either in this group of 
patients or in our patients undergoing the Norwood 
procedure. I do not see any obvious drawbacks to such an 
approach, and it is an option that we may want to explore 
in the future. Dr. Sano commented that he uses moderate 
hypothermia with this approach. Even with our modified 
DKS technique we continue to use deep hypothermia with 
low-flow continuous bypass. This is another area that we 
are likely to examine further as we gain experience with 
this method. 
Regarding Dr. Sano's question about whether we have 
noticed any advantages of not using circulatory arrest, I
would simply note that ours is a fairly small experience 
and we have not noticed any clear advantages. We have 
not performed concerted neurologic monitoring in the 
postoperative p riod, but none of our patients undergoing 
the modified DKS procedure has had significant clinical 
neurologic sequelae. Nonetheless, the literature is clearly 
available to support avoiding, or at the very least minimiz- 
ing, circulatory arrest. 
*Mosca RS, Hannein HA, Kulik TJ, et al. Modified Norwood 
operation for single left ventricle and ventriculoaortic discor- 
dance: an improved surgical technique. Ann Thorac Surg. In 
press. 
